between the solvent within and outside the swollen network [9, 21] .
Here R and T are, as usual, the gas constant and temperature, respectively. The chemical 
where λ is the extension ratio between the dry and the swollen state.
In the previous century, polymer network models have been developed to relate strain energy density functions [22, 23] to topological molecular interpretations of the (swelling)
deformation behaviour of elastomeric networks [9, 10, 24] . The use of a different network model results in a different expression for the elastic Helmholtz energy el ΔA . By making use of the ideal network structure parameter relations [9] 1 ζ ν µ ν µ = − + ≈ − , 
Here NA is Avogadro's number, V 0 the volume of the network after formation (V 0 is equal to the dry volume before swelling when the network is formed in absence of a solvent), f the functionality of the network junctions, ρn the density of the dry (non-swollen) network, ν and µ the number of elastic chains and junctions in the network, respectively, and ζ the cycle rank of the network, defined by the number of bonds that need to be broken to reduce the network into a branched "tree-structure" which does not contain any closed cycles anymore, Vs the molar volume of the solvent, 0 n ϕ the polymer volume fraction during the network formation (which is unity when the network is formed in absence of solvent) and K(λ) a function comprising the constraints on the network junctions. Next to the constrained junction model, various modifications, corrections and adjustments on classical models have been derived the last decades. These include, but are not limited to, the diffused constrained model [27] and tube models such as the Edward tube model [28] , slip-link model [29] , Gaylord-Douglas model [30] and Rubinstein and Panyukov model [31] . All these models try to provide a description for the topological deformation behavior of "real" non-ideal swollen polymer networks. The FloryErman theory, as well as others, does not predict values for the structure parameters ν, µ, ζ, or K(λ). Instead they are obtained empirically by fitting the models to experimental stress-strain
data. An excellent overview of the determination of model parameters can be found elsewhere [10] . It is outside the scope of this work to go into the detail of all these different models and we will refer the reader to reviews and textbooks for an overview and evaluation of the numerous models [9, 10, [31] [32] [33] [34] . In addition, background information and elaborate derivations of all appropriate free energy terms can be found in several textbooks [9, 24, 35] .
Although left unspecified, different choices for K(λ) will transform the Flory-Erman model 3 into some of the other models, thereby making it the most general descriptive model [9] .
The classical Flory-Rehner equation (Eq. (S7)), widely used to calculate the cross-link density of polymer networks, is a special limiting case of Eq. (S6) (for which K(λ) = (1−λ −2 )), predicting an upper boundary for Mc [36] [37] [38] . In this model, the network deforms completely affine and is proven to be appropriate for networks with a low degree of swelling [39] . The Mc is given by 0 0 n 1/3 1/3 n s n n n c 2 n n n 2 1
The other limit of Eq. (S6) is given by the phantom network model of James and Guth (Eq. (S8)) [40, 41] . In this model the network chains are presumed to have no cross-sectional area and no excluded volume effects are taken into account. Hereby, the chains do not feel each other, which allows them to pass freely through each other (as phantoms). Moreover swollen polymer networks is shown to be best described by the phantom model (this includes insights of recent NMR studies) [9, 39, [42] [43] [44] [45] . The expression for the Mc when using the phantom model is given by 0 1/3 n n s n c 2 n n n 2 1
An interesting approach, capable of estimating the effect of network defects upon the shear modulus quantitatively is given by Zhong et al. [11] . These authors showed that by quantifying the number of primary loops, the number secondary, tertiary, etc. loops is fully fixed and that their effect can be fully incorporated in the description of network elasticity by using the concept of an effective phantom chain. The work at present has not been extended
to swelling yet, as far as we know.
Of the various reviews dealing with network topology and its effect on properties, we mention only two recent ones [12, 13] , mainly dealing with the effect of loops.
SI-II: Network formation details and influence of the solid weight content of the network formulations and film thickness on the volumetric swelling ratio
The NCO conversion of a PUPEG2000 network formulation was followed in-situ in time to films prepared by a cross-linking step at 125 °C directly after casting the network formulations in the mold showed the tendency to curl-up during the reaction or after cutting of the cured film. This indicates the build-up of a stress gradient during the cross-linking reaction and thereby the possible formation of an inhomogeneous network. Therefore the two-step procedure as described in the experimental section was used for the preparation of the networks, for which no curling of the films during or after preparation was observed.
Furthermore no extractable material was detected for these networks. [%]
Various solid weight contents and film thicknesses measured with a digital caliper with an accuracy of ± 1 µm (Table SI- 
SI-III: Allophanate formation in PEG-based PU networks
In this Section we discuss the allophanate formation (see Figure SI-3) . Figure S2 . The peak identification as shown in the figure is confirmed by the 13 C-NMR prediction software package of ChemDraw Professional 17.0 (Perkin Elmer). The spectra show no signs of allophanate formation for networks prepared with a NCO:OH ratio of 1.0 (black). However, clear allophanate signals appear in the spectra for networks with a higher NCO:OH ratio. Moreover, the spectra of networks with a NCO:OH ratio of 1.2 (excess of 20% NCO) have a peak intensity which is roughly twice the intensity of the peak from the networks prepared with a NCO:OH ratio of 1.1 (excess of 10% NCO) (0.12 vs 0.06, when normalized to the signal from the cyanurate protons). This confirms the hypothesis that "left-over" NCO will react with an already existing urethane to give rise to an allophanate during the network formation as used is this work. Next to the HR-MAS 13 C-NMR data, differences in water uptake between the PUPEG1000 networks with varying NCO:OH ratio (see Table SI -2) confirm a higher crosslink density for networks prepared with an excess of NCO. An increase of the excess of NCO in the network formulation decreases the swelling ratio of the resulting PUPEG networks. Every reaction of an NCO-group which gives rise to an allophanate will increase the average cross-link density (i.e. network junction functionality) since the formation of an allophanate in which a NCO-group from a tHDI molecules reacts with a urethane connected to another tHDI gives rise to an effectively five-functional cross-linking point as shown in Figure S1 .
The presence of five-functional network junctions, next to the absolute decrease of network junctions upon combination of two junctions, will influence the swelling properties of the networks and needs to be taken into account when calculating the Mc.
If one assumes that that the excess of initial NCO-groups is consumed via the formation of allophanates once no available OH-groups are present anymore, 6 out of 11 of the theoretically three-functional tHDI molecules will combine into 3 of the theoretically five-functional network junction (3 out of 33 NCO-groups will react with an already formed urethane given the NCO:OH = 1.1 initial ratio). From the initial 11 three-functional network junctions, 5 three-functional junctions still remain. Therefore the overall network junction functionality f can be estimated as 5•3 + 3•5 /8 = 3.75.
As stated in the main manuscript, the tHDI cross-linker, being a relatively hydrophobic molecule, might associate in the (much) more hydrophilic environment of the coating components. This should than occur for all NCO ratios used. However, from the fact that the amount of allophanates formed is proportional to the excess NCO, that no allophanates are observed for NCO:OH = 1.0, that a close proximity of tHDI molecules is a prerequisite for allophanate formation and that cross-linking is done at 125 °C so that association is typically small, we infer that any significant tHDI association during curing is highly unlikely.
SI-IV: Influence of the Flory-Huggins water-polymer interaction parameter χ on the calculation of the Mc of the prepared PEG-based PU networks
The network models are extremely sensitive to the Flory-Huggins polymer-water interaction 
SI-V: Miller-Macosko-Vallés (MMV) statistical probability approach for an A5A3B2B1 system
After the gel-point of a cross-linking polymerization mixture is reached, both a fraction of soluble finite molecules (sol) and a theoretical infinite network structure (gel) are present in the mixture [5] . The fraction and the structure of both species depends on the overall extent of the reaction p (i.e. conversion of functional groups). The Miller-Macosko-Vallés (MMV)
approach is based on average probability calculations of having reaction events taking place as function of the extent of the reaction, via the probability,
reaction of a functional group leads to a finite or pendant chain structure rather than to an infinite network structure when looking out (or in) from a functional group (see Figure SI- 6) [6] [7] [8] [9] [10] . See their work for additional background information.
In this theoretical network formation an ideal network polymerization is assumed in The average network structure can be calculated using a recursive probability approach based on the overall extent of the reaction p, once the fraction of soluble material (extractable material) of the experimentally prepared networks is measured. ) is looked into a finite chain, i.e. a pendant network chain. These fractions are ( ) ( )
where f is the functionality of the cross-linker. Similarly, different roles for B2 can be allocated B2 may be an elastic network chain, connected with both ends to the infinite 
where out B ( ) P F is the probability that after the reaction looking out from a functional B-group is looked into a finite chain. A set of probabilities can be formulated to yield an expression Parameters defining the stoichiometric (im)balance r, the initial fraction of reactive B-groups belonging to a B2-precusor v and A-groups belonging to one of the A-precursors w are given by 2 1 [ The total set of the recursive probability equations for the AfAkB2B1 system is given by ( ) ( ) ( )
( ) ( )
The recursive solutions for both probabilities as a function of 
Using the weight fractions of all network precursors and the probability that a particular network precursor will end up at a specific role in the network, the overall weight fraction of soluble material Ws, elastically active material We and pendant material Wp can be calculated.
It is impossible for the B1-precursor to be part of the elastically active part of the network.
Therefore the only possible roles for B1 are: 1) being part of the soluble material Bs, or 2) being (part of) a pendant chain Bp. The fraction of the former is simply given by: 
Solving Eq. (30) numerically for the experimentally obtained soluble fraction (the amount of extractable material after the network formation) gives an estimate for p. We can be calculated at this extend of reaction to obtain the weight fraction of elastic active material in the resulting network.
